PRINTED CIRCUIT BOARD AND 
METHOD OF MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 
5 1. Field of the invention 

This invention relates to a printed circuit board that is suitable for high 
density packaging of various high-performance electronic apparatuses. The printed 
circuit board has excellent flexural rigidity or moisture absorption and repair 
resistance. This invention relates to also a method of manufacturing such a printed 
10 circuit board. 

2. Description of the related art 

Recently, various electronic elements composing electronic apparatuses 
have become smaller and thinner since electronic apparatuses have become small, 
thin, light-weight and better in the performance. Printed circuit boards for 
15 packaging these electronic elements also have been developed to provide a high 
density package. 

With a rapid progress in packaging techniques, it is desired to supply circuit 
boards with a multilayer wiring structure at a low cost. Such a circuit board can be 
manufactured by mounting bare chips of a semiconductor device such as LSI directly 

20 at a high density, and it can correspond to a high-speed signal processing circuit. 
Such a multilayer circuit board is required to have high reliability in electric 
connection between wiring patterns of plural layers formed with a minute wiring 
pitch and also excellent high frequency property, and is required to have high 
reliability in a connection with a semiconductor bare chip. 

25 For satisfying this requirement, a resin multilayer circuit board having an 

any-layer IVH structure is proposed in JP-A-6-268345. In this reference, a copper- 
plated conductor on a through-hole inner wall, which mainly has been used for 
interlayer connection in a conventional multilayer circuit board, is replaced by filling 
of a conductor in a interstitial via hole (IVH) and at the same time, the IVH can be 

30 formed immediate below an element land or between arbitrary layers, so that 
substrate size can be decreased and a high density packaging can be provided. 
FIGs. 12A-12G show a method of manufacturing such a printed circuit board. First, 
as shown in FIG. 12A, mold-releasing film s 401 made of polyester or the like are 
laminated on both surfaces of a porous substrate 402 such as an aramid epoxy pre- 

35 preg prepared by impregnating an aramid nonwoven fabric with a thermosetting 
epoxy resin. Next, as shown in FIG. 12B, via holes 403 are formed at 
predetermined positions of the porous substrate 402 by laser beam machining. 
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Subsequently as shown in FIG. 12C, a conductive paste 404 is filled in the via holes 
403. In this step, the porous substrate 402 with the via holes 403 is placed on a 
table of a screen printer, and the conductive paste 404 is directly printed on the 
mold-releasing film 401. The mold-releasing films 401 on the printing surface 
5 function as printing masks and prevent contamination of the surface of the porous 
substrate 402. Next, the mold-releasing films 401 are peeled off from the surfaces 
of the porous substrate 402, and then, metal foils 405 e.g., copper foils, are adhered to 
the surfaces of the porous substrate 402. By applying heat and pressure in this 
condition, the porous substrate 402 is compressed and thinned as shown in FIG. 12D. 

10 At that time, the conductive paste 404 in the via holes 403 also is compressed and 
binder ingredients contained in the conductive paste is extruded to strengthen 
bonding among the conductive ingredients and also between the conductive 
ingredients and metal foils 405. As a result, the conductive substance in the 
conductive paste 404 is condensed and the layers are connected electrically with each 

15 other. Subsequently, the conductive paste 404 and the thermosetting resin 

composing the porous substrate 402 are cured. The metal foils 405 are etched 
selectively to have a predetermined pattern so that a double-sided circuit board as 
shown in FIG. 12E is provided. Further, as shown in FIG. 12F, porous substrates 
406 and metal foils 407 are stuck to the surfaces of the double-sided circuit board by 

20 using a conductive paste 408. After applying heat and pressure, as shown in FIG. 
12G, the metal foils 407 are etched to have a predetermined pattern, so that a 
multilayer circuit board is obtained. 

Resin multilayer substrates formed by using such substrates for forming 
circuits have been used for many electronic apparatuses because they have low 

25 coefficient of expansion, low dielectric constant, and light-weight. 

However, a resin multilayer circuit board having the above-mentioned any- 
layer IVH structure has a core of an aramid nonwoven fabric, and a dielectric 
substrate is composed of a homogeneous mixture of an epoxy resin and aramid 
nonwoven fabric fibers. Such a dielectric substrate having a core of aramid 

30 nonwoven fabric has a coefficient of thermal expansion (CTE) of about 100 ppm/°C in 
the thickness direction, which is different considerably from CTE (about 17 ppm/°C) 
of an interstitial via conductor forming the any-layer IVH structure. 

Since the properties of the electronic apparatus may deteriorate to some 
degree under a severe use condition with abrupt change in temperature, printed 

35 circuit boards with higher reliability have been desired. 

SUMMARY OF THE INVENTION 
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In order to solve the above-mentioned problems, a first purpose of the 
present invention is to provide a printed circuit board and a method of 
manufacturing the printed circuit board. The printed circuit board has an 
improved moisture resistance as a whole, so that the connection reliability and 
5 repair resistance are improved, and the printed circuit board comprises a dielectric 
substrate with improved mechanical strength e.g., flexural rigidity. 

In addition to the first purpose, a second purpose is to provide a printed 
circuit board with improved adherence between a wiring pattern and a dielectric 
substrate and connection reliability between the wiring pattern and the interstitial 

10 via conductor, which is achieved by reducing the coefficient of thermal expansion 
(CTE) of the entire dielectric substrate. 

For achieving the purposes, a first printed circuit board according to the 
present invention comprises a dielectric substrate having via hqles formed in the 
thickness direction in which a conductor containing a conductive filler is filled, and 

15 wiring layers are formed on both surfaces of the dielectric substrate so as to have a 
predetermined pattern and connected electrically with each other by the conductor. 
The printed circuit board is characterized in that the dielectric substrate is made of a 
glass cloth or a glass nonwoven fabric impregnated with a thermosetting epoxy resin 
mixed with fine particles, and the conductive filler contained in the conductor has an 

20 average particle diameter larger than that of the fine particles. 

A second printed circuit board according to the present invention comprises 
an internal circuit board and external circuit boards provided on both surfaces of the 
internal circuit board. The internal circuit board comprises at least two layers of a 
wiring pattern connected by first interstitial via conductors. The external circuit 

25 boards comprise a dielectric material of a glass epoxy resin, second interstitial via 
conductors compressed into the dielectric substrate to have conductivity and also 
second wiring patterns arranged on the outermost surfaces of the dielectric substrate. 
The second printed circuit boards are characterized in that the first wiring pattern 
on the surfaces of the internal circuit board and the second wiring patterns of the 

30 external circuit boards are connected electrically with each other. 

A first manufacturing method according to the present invention comprises 

steps of: 

preparing a dielectric substrate of a pre-preg formed by impregnating a 
glass cloth or a glass nonwoven fabric with a thermosetting epoxy resin mixed with 
35 fine particles, 

coating both surfaces of the dielectric substrate with mold-releasing films 
and subsequently forming a via hole, 
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filling in the via hole with a conductor containing a conductive filler having 
an average particle diameter larger than the average diameter of the fine particles, 

peeling the mold-releasing films and layering metal foils on the surfaces of 
the dielectric substrate, 
5 compressing the dielectric substrate having the metal foils by applying heat 

and pressure in order to adhere the dielectric substrate and the metal foils and to 
connect electrically the metal foils with each other, and 

forming the metal foils to have a predetermined pattern. 

A second manufacturing method according to the present invention 
10 comprises steps of: 

preparing an internal circuit board having at least two layers of first wiring 
patterns protruding from surfaces of the internal circuit board and being connected 
with each other by first interstitial via conductors, 

preparing glass epoxy resin dielectric substrates in a pre-preg stage by 
15 forming via holes at arbitrary positions and filling a conductive paste to make a 
second interstitial via conductor, 

arranging the glass epoxy resin dielectric substrates on both surfaces of the 
internal circuit board, 

arranging copper foils on outer surfaces of the respective glass epoxy resin 
20 dielectric substrates, 

applying heat and pressure from outside of the two copper foils the internal 
circuit board and the glass epoxy resin dielectric substrates in a pre-preg stage so as 
to force the protruding wiring patterns of the internal circuit board into the glass 
epoxy resin dielectric substrate in a pre-preg stage and at the same time to compress 
25 the conductive paste provided to the glass epoxy resin dielectric substrates for 

connecting electrically the outermost copper foils and the first wiring patterns in the 
internal circuit board, and subsequently 

etching the copper foils selectively to form second wiring patterns and so as 
to configure external circuit boards. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGs. 1A-1F are cross-sectional views to show steps of manufacturing a 
printed circuit board in Example 1 of the present invention. 

FIGs. 2A-2D are cross-sectional views to show steps of manufacturing a 
35 printed circuit board in Example 2 of the present invention. 

FIGs. 3A and 3B are cross-sectional views to show steps of manufacturing a 
printed circuit board in Example 3 of the present invention. 
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FIGs. 4A-4C are distribution charts to show variations in resistance values 
of the printed circuit board in Example 1 of the present invention. 

JIG. 5 is a graph to show a relationship between a thickness of a resin layer 
of the printed circuit board and initial resistance values in Example 1 of the present 
5 invention. 

FIG. 6 is a cross sectional view to show a structure of a printed circuit board 
in Example 4 of the present invention. 

FIG. 7 is a cross sectional view to show a structure of a printed circuit board 
in Example 5 of the present invention. 
10 FIG. 8A-8C are cross-sectional views to show steps of manufacturing a 

printed circuit board in Example 6 of the present invention. 

FIG. 9A and 9B are enlarged views to show parts of the cross-sectional 
views of FIGs. 8A and 8B. 

FIG. 10 is a partially enlarged cross-sectional view to show that an inorganic 
15 filler is mixed with a dielectric substrate shown in FIG. 9B. 

FIG. 11 is a graph to show mechanical strength characteristics of an 
internal circuit board and of external circuit boards composing the printed circuit 
board in Example 6 of the present invention. 

FIG. 12A-12G are cross-sectional views to show steps of manufacturing a 
20 conventional printed circuit board. 

DETAILED DESCRIPTION OF THE INVENTION 

A first embodiment of the present invention provides a printed circuit board 
having excellent connection reliability and repair resistance by improving moisture 

25 resistance of the printed circuit board as a whole, and the printed circuit board 

comprises a dielectric substrate with improved mechanical strength such as flexural 
rigidity. When an inorganic filler is mixed with an epoxy resin composing the 
dielectric substrate, melting viscosity of the epoxy resin is raised. This will control 
resin flow occurring at an interface between the dielectric substrate and a metal foil 

30 at the time of applying heat and pressure, and prevent the epoxy resin from entering 
the interface between the metal foil and the conductor. As a result, the conductor is 
provided with sufficient compression and this leads to stable connection reliability 

When the inorganic filler has an average particle diameter smaller than 
that of the conductive filler, dispersion of the conductive filler during application of 

35 heat and pressure is controlled. As a result, the conductor is provided with 

sufficient compression, and stable connection reliability is obtained. Preferably, the 
average particle diameter of the inorganic filler is 10% to 50% of the average particle 
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diameter of the conductive filler. 

The conductive filler can be a powder of a metal such as gold, silver, copper, 
aluminum or the like. When the via hole diameter is about 50jim, the conductive 
filler preferably has an average particle diameter of about 5jim. Preferably, the 
5 conductive filler will have an average particle diameter ranging from about l\im to 
about 3pm for a via hole having a diameter of about 30jim. 

When the inorganic filler is at least one powder selected from those of Si0 2 , 
Ti0 2 , ALjOg, MgO, SiC and A1N, thus obtained printed circuit board will have further 
improved mechanical strength including flexural rigidity. 

10 When a content of the inorganic filler ranges from 25 vol.% to 45 vol.%, the 

melting viscosity is maintained and sufficient compression is applied to the 
conductor. When the content of the inorganic filler is less than 25 vol.%, sufficient 
melting viscosity may not be obtained and excessive resin flow piay occur. When 
the content exceeds 45 vol.%, fluidity of the epoxy resin may deteriorate and the 

15 conductor cannot be applied with sufficient compression while the adherence is 

lowered as well. Preferably, the content of the inorganic filler ranges from 35 vol.% 
to 40 vol.%. 

When thickness of the dielectric substrate is smaller than a diameter of via 
holes formed in the thickness direction of the dielectric substrate, tapering at the 

20 time of formation of the via holes by using a laser beam machine or the like can be 
controlled, and thus, a thin and light-weight printed circuit board can be provided 
while the rigidity is maintained. Since the conductor will be compressed easily as 
the dielectric substrate is thinner (the compression rate is raised since the conductor 
becomes relatively thicker by the thickness of the mold-releasing films), the dielectric 

25 substrate is preferably 50(xm to lOOjim in thickness when each via hole has a 
diameter ranging from lOOjim to 200jim. 

When the dielectric substrate in a pre-preg stage comprises a void, the 
dielectric substrate will be compressed by the void volume upon application of heat 
and pressure. As a result, the conductor is applied with sufficient compression and 

30 stable connection resistance is obtained. 

A coefficient of thermal expansion (CTE) in the thickness direction of a 
conductor filled in via holes formed in the thickness direction of the dielectric 
substrate substantially is equal to the CTE in the thickness direction of the dielectric 
substrate, distortion caused by a gap in the CTEs can be controlled and stable 

35 connection reliability is obtainable even under a circumstance to cause an abrupt 
change in temperature. Preferably, the CTE of the conductor in the thickness 
direction is equal to the CTE of the dielectric substrate in the thickness direction. 



6 



The printed circuit board can be a multilayer printed circuit board 
comprising a laminate of printed circuit boards according to the present invention. 
Accordingly, the present invention can provide a multilayer printed circuit board 
having reliable via hole connection. 
5 When a conductor filled in via holes formed in the thickness direction of the 

dielectric substrate is substantially uniform in the thickness in the multilayer 
printed circuit board of the present invention, an excellent impedance property is 
obtained, and a printed circuit board suitable for a high frequency circuit board can 
be provided. 

10 In a case where the conductor is a conductive paste, resin ingredients in the 

conductive paste will be discharged from the via holes when the conductive paste in 
the via holes is compressed. As a result, conductive ingredients in the conductive 
paste are condensed to provide a reliable via hole connection. _ 

By using a laser beam machine, via holes having a minute diameter in 

15 accordance with a minute wiring pattern can be formed easily at a high speed. 

A first manufacturing method in the present invention can provide a 
double-sided printed circuit board that is excellent in the moisture resistance, 
connection reliability or repair resistance, and the printed circuit board comprises a 
dielectric substrate provided with improved mechanical strength such as flexural 

20 rigidity. 

When the dielectric substrate is thinned after application of heat and 
pressure, the conductor can be applied with sufficient compression. For controlling 
resin flow, it is preferable that the dielectric substrate is thinned by 10% to 15% after 
application of heat and pressure. 

25 When the conductor filled in the via holes formed in the thickness direction 

of the dielectric substrate is thinned after the application of heat and pressure, the 
conductive ingredients in the conductor are condensed due to sufficient compression, 
and this leads to a reliable via hole connection. Preferably, the conductor is thinned 
by 30% to 40% by the application of heat and pressure. 

30 When the dielectric substrate after being applied with heat and pressure is 

substantially uniform in thickness in the center and in the periphery, the entire 
dielectric substrate will be applied with uniform compression at a time of applying 
heat and pressure, and thus, variation in the connection resistance can be reduced. 
Alternatively, the present invention can provide a rigid, thin, and small 

35 multilayer printed circuit board that is provided with excellent reliability and that 
can form a minute wiring pattern to allow a high density package of a subminiature 
electronic element or the like. A method of manufacturing the printed circuit board 
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comprises two processes. In a first process, a dielectric substrate of a pre-preg is 
made of either a glass cloth or a glass nonwoven fabric. The glass cloth or glass 
nonwoven fabric is impregnated with a thermosetting epoxy resin and filled with a 
conductor. Metal foils are adhered to this dielectric substrate, and the dielectric 
5 substrate is compressed by applying heat and pressure, so that wiring layers of the 
double-sided printed circuit board are embedded in resin layers on the surfaces of the 
dielectric substrate and all the conductors become substantially uniform in thickness. 
In a second process, the metal foils are formed to have a predetermined pattern. 

Alternatively, the present invention can provide a multilayer printed circuit 

10 board with excellent reliability in fewer steps at a low cost, and the printed circuit 
board allows high density package of subminiature electronic elements or the like. 
A method to manufacture such a printed circuit board comprises preparing either a 
glass cloth or a glass nonwoven fabric, producing a dielectric substrate of a pre-preg 
by impregnating the glass cloth or glass nonwoven fabric with a thermosetting epoxy 

15 resin and filling with a conductor, sticking the dielectric substrate integrally on 
surfaces of the plural double-sided printed circuit boards before compressing by 
application of heat and pressure. As a result, wiring layers of the double-sided 
printed circuit board are embedded in resin layers on the surfaces of the dielectric 
substrate and all the conductors become substantially uniform in thickness. 

20 A second printed circuit board according to the present invention is of a 

complex type with excellent flexural rigidity and moisture resistance, and this 
printed circuit board is provided by arranging a glass epoxy resin substrate as an 
external circuit board having excellent mechanical strength and moisture resistance. 
It is preferred that an aramid nonwoven fabric impregnated with a 

25 thermosetting epoxy resin is used for a dielectric substrate of an internal circuit 

board. As a result, a first interstitial via conductor having a minute diameter can 
be provided to an arbitrary position on the dielectric substrate so as to provide an 
any-layer IVH structure. This serves to provide a printed circuit board having a 
high density wiring. 

30 Preferably, the external circuit board is made of glass fibers impregnated 

with an epoxy resin, and the epoxy resin is mixed with an inorganic filler contained 
in a range from 30 wt% to 70 wt%, and the inorganic filler is at least one powder of 
Si0 2 , Ti0 2 , AlgOg, MgO, SiC and A1N, so that the flexural rigidity is improved further 
and thus, a printed circuit board with good compression property can be obtained. 

35 A second manufacturing method according to the present invention can 

provide a complex printed circuit board having excellent flexural strength and 
moisture resistance. 
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Embodiments of the present invention will be explained further by referring 
to the drawings. 
(Example 1) 

FIG. 1A-1F are cross-sectional views to show steps of a method of 
5 manufacturing a double-sided circuit board in Example 1 of the present invention. 

First, a dielectric substrate 102 of a glass epoxy pre-preg was prepared by 
impregnating a glass cloth with a thermosetting epoxy resin comprising 40 vol.% of 
SiC fine particles having an average diameter of 2jim. The glass epoxy pre-preg in 
Example 1 was 130nm in thickness, since the thickness of the glass cloth was 100 jim 

10 and the thickness of each surface resin layer was 15|xm. On both surfaces of the 
dielectric substrate 102, mold-releasing films 101 (e.g., polyester) were laminated. 
The lamination was carried out at a temperature about 120°C. As a result, resin 
layers on the surfaces of the dielectric substrate 102 to which the mold-releasing 
films 101 were stuck were melted slightly FIG. 5 is a graph to show the 

15 dependence of an initial resistance value on the thickness of the resin layer of the 
material included in a printed circuit board. Since the initial resistance value is 
lowered as the resin layer of the material is thinned, the material in Example 1 was 
determined to be 130fim in thickness. The mold-releasing films used here were 
polyethylene terephthalate (PET) 19(im in thickness. The glass cloth used for the 

20 dielectric substrate can be replaced by a glass nonwoven fabric on which resin layers 
are formed. 

The fine particles can be an organic filler and/or an inorganic filler. SiC as 
the inorganic filler can be replaced by Si0 2 , Ti0 2 , ALjOg, MgO or A1N, while the 
organic filler can include benzoguanamine, polyamide, polyimide, melamine resin, 

25 epoxy resin or the like. Alternatively, the organic filler and the inorganic filler can 
be used as a mixture. 

As shown in FIG. IB, via holes 103 were formed at predetermined positions 
on the dielectric substrate 102 by a laser processing. The via holes formed by the 
above-mentioned laser beam machine had a diameter of about lOOfirn. The glass 

30 epoxy pre-preg comprises 10 vol.% voids, and diameter of the voids was 3(xm. 

Next, the via holes 103 were filled with a conductive paste 104 as shown in 
FIG. 1C. A screen printer was used for filling by directly printing the conductive 
paste 104 on the mold-releasing films 101. At this time, vacuum adsorption was 
performed via, for example, a porous sheet such as Japanese paper from a surface 

35 opposite to the printed surface so that resin ingredients contained in the conductive 
paste 104 in the via holes 103 were absorbed and thus, a content of the conductive 
ingredients was increased and concentration of the filled conductive ingredients was 
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raised. The mold-releasing films 101 functioned as printing masks and also the 
films served to prevent contamination of the surfaces of the dielectric substrate 102. 
An average particle diameter of the conductive filler in the conductive paste was 
5fim, and this was larger than a diameter of a void and a diameter of the fine 
5 particles. 

As shown in FIG. ID, the mold-releasing films 101 were peeled off from the 
surfaces of the dielectric substrate 102. Then, the surfaces of the dielectric 
substrate 102 were coated with metal foils 105 such as copper foils before application 
of heat and pressure. The heat and pressure were applied by a vacuum press. 

10 This process was carried out for one hour under a condition of a temperature of 
200°C, a pressure of 4.9MPa, and a vacuum degree of 5.33x10^ (40 Tbrr). 

As a result of applying heat and pressure under the condition, the dielectric 
substrate 102 was compressed as shown in FIG. IE. The dielectric substrate 102 
was thinned to 118^im at the center and 116|im in the periphery. The difference in 

15 the thickness between the center and the periphery was as small as about 2%, and 
the compression rate as a whole was about 10%. At this time, the conductive paste 
104 in the via holes 103 were compressed as well, and thus, binder ingredients 
contained in the conductive paste were extruded. This strengthens bonding among 
the conductive ingredients and also between the conductive ingredients and the 

20 metal foils 105, and the conductive substance in the conductive paste 104 was 
condensed. The compression rate of the conductor at this time was (168- 
117) x 100/168=30.4%. Subsequently, the thermosetting resin composing the 
dielectric substrate 102 was cured together with the conductive paste 104 by 
applying heat and pressure. This process was carried out for one hour under a 

25 condition of a temperature of 200°C, a pressure of 4.9MPa, and a vacuum degree of 
5.33x10^ (40 Tbrr). 

Finally, both the wiring layers 106 on the front and back surfaces of the 
dielectric substrate 102 were connected electrically with each other by selectively 
etching the metal foils 105 in a predetermined pattern as shown in FIG. IF, so that a 

30 double-sided circuit board was obtained. 

An average particle diameter of a conductive powder contained in the 
conductive paste was 5(im in Example 1, and an average particle diameter of the 
inorganic filler was 40% of that of the conductive powder. The CTE of the conductor 
in a thickness direction was about 30 ppm/°C while the CTE of the dielectric 

35 substrate in the thickness direction was about 20ppm/°C, i.e., CTE of the conductor 
was larger than that of the dielectric substrate. 

Since the filler has an average diameter larger than that of the fine particles, 

10 
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the fine particles can prevent dispersion of the conductive filler in the resin layers on 
the surfaces of the dielectric substrate during application of heat and pressure. 
This helps to apply sufficient compression to the conductor, resulting in a stable 
connection reliability and excellent moisture absorption. This can prevent peeling 
5 of the conductor and the wiring layers, which is caused by abrupt change in 
temperature at a time of solder dipping or repairing. 

Furthermore, the epoxy resin composing the dielectric substrate was mixed 
with 40 vol.% of SiC as an inorganic filler having an average diameter of 2^m. 
FlGs. 4A-4C are distribution diagrams to show variation in resistance values of 

10 printed circuit boards. As shown in FIG 4A, the resistance values were varied 

when the filling amount was 20 vol.%. On the other hands, FIG. 4B shows that the 
filler of 30 vol.% caused some variation though the distribution was substantially 
concentrated. The distribution was concentrated further whea the filling amount 
was 40 vol.% as shown in FIG. 4C. 

15 When the content of the fine particle ranges from 25 vol.% to 45 vol.%, the 

melting viscosity is maintained while the conductor is applied with sufficient 
compression, and thus, stable connection reliability is obtained. When the content 
is less than 25 vol.%, sufficient melting viscosity is not obtained. As a result, 
excessive resin flow occurs in the resin layers on the surfaces of the dielectric 

20 substrate and the conductive filler contained in the conductor is dispersed, so that 

pressure applied to the conductor will be dispersed as well. Moreover, the dispersed 
conductive filler can migrate to cause insulation failure. When the content exceeds 
45 vol.%, sufficient epoxy resin to provide a desired adherence may not be obtained, 
and the fluidity of the epoxy resin deteriorates to apply insufficient compression to 

25 the conductor. It is more preferable that the content of the fine particle ranges from 
30 vol.% to 35 vol.%. 

Accordingly, Example 1 can improve mechanical strengths such as flexural 
rigidity of a dielectric substrate and provide a printed circuit board having excellent 
connection reliability and moisture absorption. 

30 (Example 2) 

FIGs. 2A-2D are cross-sectional views to indicate steps of a method of 
manufacturing a double-sided circuit board in Example 2 of the present invention. 

First, a core substrate 201 was prepared in the same process as indicated in 
FIG. IF of Example 1. 

35 Next, as shown in FIG. 2B, dielectric substrates 202 shown in FIG. 1C were 

layered on the both surfaces of the core substrate 201, and metal foils 203 were 
layered further before application of heat and pressure. The heat and pressure 
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were applied by vacuum heat press. This process was carried out for one hour 

under a condition of a temperature of 200°C, a pressure of 4.9MPa, and a vacuum 

degree of 5.33xl0 3 Pa (40 Tbrr). 

The dielectric substrates 202 were compressed and thinned by the 
5 application of heat and pressure, and the wiring layers 204 were embedded in the 

dielectric substrates 202. The conductive paste 205 also was compressed, and at 

that time, binder ingredients contained in the conductive paste were extruded. 

This provided strong bonding among the conductive ingredients and also between 

the conductive ingredients and the metal foils 203, and thus, the conductive 
10 substance in the conductive paste 205 was condensed. Subsequently, the 

conductive paste 205 and the thermosetting resin composing the dielectric 

substrates 202 were cured. 

Next, as shown in FIG. 2C, the metal foils 203 were etched selectively to 

have a predetermined pattern, so that the wiring layers 204 and 206 were connected 
15 electrically to provide a completed four-layered circuit board. 

In the last step shown in FIG. 2D, dielectric substrates 207 were layered on 

both surfaces of the four-layered circuit board. The wiring layer 206 was connected 

electrically with the wiring layer 208 through steps as shown in FIGs. 2B and 2C, so 

that a six-layered circuit board was obtained. 
20 All layers of the six-layered circuit board according to Example 2 were 

composed of glass epoxy, and laminated integrally. Therefore, compact wiring 

patterns to allow high density packaging of elements such as a subminiature 

electronic element can be formed, and the printed circuit board has excellent rigidity, 

moisture absorption, and repair property. 
25 (Example 3) 

FIG. 3A and 3B are cross-sectional views to show steps in a method of 

manufacturing a double-sided printed circuit board according to Example 3 of the 

present invention. 

As shown in FIG. 3A, three core substrates 301 provided by the step shown 
30 in FIG. IF, and two dielectric substrates 302 provided by the step shown in FIG. 1C 
were prepared. The respective dielectric substrates 302 were inserted between the 
core substrates 301 to form a laminate before application of heat and pressure. The 
heat and pressure were applied by a vacuum heat press. This process was carried 
out for one hour under a condition of a temperature of 200°C, a pressure of 4.9MPa, 
35 and a vacuum degree of 5.33x 10 3 Pa (40 Tbrr). 

As a result of application of heat and pressure, the dielectric substrates 302 
were compressed and thinned as shown in FIG. 3B, and the wiring layers 303 were 
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embedded in the dielectric substrates 302. The conductive paste 304 also was 
compressed at this time, and the binder ingredients contained in the conductive 
paste were extruded to strengthen bonding among the conductive ingredients and 
also between the conductive ingredients and the wiring layers 303, and thus, the 
5 conductive substance in the conductive paste 304 was condensed. Later, the 
conductive paste 304 and the thermosetting resin composing the dielectric 
substrates 302 were cured by the application of heat and pressure, and the wiring 
layers 303 were connected electrically, so that a six-layered circuit board was 
obtained. 

10 All layers of a six-layered circuit board according to Example 3 are composed 

of glass epoxy, and laminated integrally. Therefore, compact wiring patterns to 
allow high density packaging of elements such as a subminiature electronic element 
can be formed with fewer steps at a low cost, and the printed circuit board has 
excellent rigidity, moisture absorption, and repair property. 

15 (Example 4) 

FIG. 6 shows a printed circuit board in Example 4 of the present invention. 
An external circuit board 6 comprising dielectric substrates 5 of a glass epoxy resin 
was manufactured in accordance with Example 1. An internal circuit board 4 in 
this example has a three-layered any-layer IVH structure having dielectric 

20 substrates 3 of an aramid epoxy resin in which a first interstitial via conductor la 
and a first wiring pattern 2a were formed. On both surfaces of the internal circuit 
board 4, the external circuit boards 6 comprising dielectric substrates 5 of a glass 
epoxy resin having a second wiring pattern 2 on outermost layers connected with the 
first wiring pattern 2a of the internal circuit board 4 through a second interstitial via 

25 conductor lb were arranged A conductive paste filled in the via holes was 

compressed to be the second interstitial via conductor lb when the external circuit 
boards 6 were laminated on the internal circuit board 4. The thus formed second 
interstitial via conductor lb had sufficient conductivity. 
(Example 5) 

30 FIG. 7 shows a printed circuit board in Example 5 of the present invention. 

The printed circuit board is same as that of Example 4 except that the internal 
circuit board 4 is a double-sided circuit board comprising a dielectric substrate 3 of 
an aramid epoxy resin. The printed circuit board had a structure similar to that of 
Example 1 except for the above-identified matter. 

35 (Example 6) 

In the following, a method of manufacturing a printed circuit board in 
Example 6 will be described by referring to FIGs. 8A-8C where some of the elements 
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common to those of FIG. 6. 

FIG. 8A shows a structure of a printed circuit board according to Example 6. 
An internal circuit board 4 has an any-layer IVH structure in which first wiring 
patterns 2a are connected with each other by a first interstitial via conductor la. 
5 On both surfaces of the internal circuit board 4, dielectric substrates 5 comprising a 
glass epoxy resin in a pre-preg stage are arranged, and the dielectric substrates 5 are 
filled with a conductive paste 7 by printing or the like. The conductive paste 7 
comprises a conductive powder such as silver or copper as a main ingredient for 
forming a second interstitial via conductor lb. Copper foils 8 are arranged further 

10 on the surfaces. 

Subsequently, as shown in FIG. 8B, the entire body is compressed and 
laminated by applying heat and pressure from both sides by using a press such as a 
mold. As a result, the first wiring patterns 2a formed in the outermost layers of the 
internal circuit board 4 are forced into the surface layers of the glass epoxy resin 

15 dielectric substrates 5 that have been in a pre-preg stage before the compression, 
and at the same time, the conductive paste 7 provided in the glass epoxy resin 
dielectric substrates 5 is compressed to have conductivity so that the conductive 
paste 7 becomes the second interstitial via conductor lb to connect the first wiring 
patterns 2a and the copper foils 8 electrically. At this time, the copper foils 8 are 

20 adhered strongly through the epoxy resin layers flowing on the surfaces of the 
dielectric substrates 5. 

Next, as shown in FIG. 8C, the copper foils 8 as outermost layers adhered to 
the surfaces are patterned selectively by an ordinary photolithography in order to 
form second wiring patterns 2b, so that the first wiring patterns 2a and the second 

25 wiring patterns 2b are connected to each other through the first interstitial via 
conductor la and the second interstitial via conductor lb in order to provide a 
complex printed circuit board having a multilayer structure. 

FIG. 9A is a magnified view of a part of the internal circuit board 4 
concerning a manufacturing method shown in FIG. 8A, in which a dielectric 

30 substrate 5 and a copper foil 8 are laminated. The dielectric substrate 5 shown in 
FIG. 9A comprises a glass epoxy resin in a pre-preg stage, in which glass fibers 5a 
aggregate in the inner layer of the dielectric substrate 5 and epoxy resin 5b is 
retained on the surface of the dielectric substrate 5. 

Therefore, the dielectric substrate 5, the internal circuit board 4 and the 

35 copper foil 8 are arranged as shown in FIG. 9A before applying heat and pressure 
from both sides, so that the wiring pattern 2a of the internal circuit board 4 is forced 
into the epoxy resin 5b retained on the surface of the dielectric substrate 5. 
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At the same time, the conductive paste 7 filled in the via holes in the 
dielectric substrate 5 is compressed to decrease the initial thickness of tj to tg, so that 
a second interstitial via conductor lb having a low resistance is formed to allow 
electrical connection between the copper foil 8 and the first wiring pattern 2a of the 
5 internal circuit board 4. 

FIG. 10 shows an external circuit board 10 in which a dielectric substrate 
similar to that of FIGs. 9A and 9B comprises a glass epoxy resin mixed with 30 wt% 
to 70 wt% of at least one inorganic filler 9 comprising powders of Si0 2 , 1102, Al^, 
MgO, SiC, A1N or the like. Addition of the inorganic filler 9 raises the viscosity of 

10 the epoxy resin, and this can prevent the dielectric epoxy resin from entering the 
interface between the first wiring pattern 2a or the copper foil 8 and the conductive 
paste. As a result, the electric connection reliability is improved, and the 
mechanical strength of the printed circuit board can be improved. The conductive 
paste is applied with heat and pressure to be the second wiring pattern lb. 

15 Since the CTE direction of the dielectric substrate in the thickness can be 

decreased to a range from 20ppm to 30ppm by mixing the inorganic filler, the value 
approaches the CTE of an interstitial via conductor (about 17ppm), and this 
improves connection reliability between the wiring pattern and the interstitial via 
conductor. Furthermore, a coefficient of thermal expansion in the face direction of 

20 the printed circuit board can be decreased as well, and thus, the connection 
reliability can be improved at a time of packaging a semiconductor chip. 

FIG. 11 is a graph to show a measurement result concerning flexural 
rigidities of an internal circuit board 4, an external circuit board 6 and an external 
circuit board 10 comprising an inorganic filler of a printed circuit board according to 

25 the present invention. The external circuit board 6 made of a glass epoxy resin has 
a flexural rigidity higher than that of the internal circuit board 4 comprising an 
aramid epoxy resin. The external circuit board 10 additionally comprising an 
inorganic filler has an even higher flexural rigidity. 

A printed circuit board according to the present invention comprises an 

30 external circuit board 6 or 10 comprising a glass epoxy resin arranged on both sides 
of an internal circuit board 4 comprising an aramid epoxy resin. Such a printed 
circuit board can have excellent packaging reliability for respective electronic 
elements, and also repair property and moisture resistance for the elements. 

The mechanical strength cannot be expected to improve further when the 

35 content of the inorganic filler is less than 30 wt%. On the other hand, when the 

content exceeds 70wt%, the epoxy resin will have inferior fluidity, and impregnating 
ability with respect to the glass fibers deteriorates. As a result, it will be difficult to 
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obtain a homogeneous glass epoxy resin dielectric substrate. 

The invention may be embodied in other forms without departing from the 
spirit or essential characteristics thereof The embodiments disclosed in this 
application are to be considered in all respects as illustrative and not limiting. The 
scope of the invention is indicated by the appended claims rather than by the 
foregoing description, all changes that come within the meaning and range of 
equivalency of the claims are intended to be embraced therein. 
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